Lake Michigan LaMP

Chapter 3:

I ndicators and Monitoring of the Health of the Lake Michigan
Ecosystem

This chapter outlines a set of environmental, social, and economic indicators that can be
used to assess the achievement of the LaMP vision, goals and objectives. The chapter
also describes a monitoring assessment project that analyzes the ability to measure
indicatorsin the Lake Michigan basin. These indicatorswill allow Lake Michigan
stakeholders to better gauge the status of the Lake Michigan ecosystem and guide the
selection of management activities that will restore and protect the health of the system.

Thelist of Lake Michigan indicators included in this chapter is provided to help generate
discussion and is based on previous work completed in support of the State of the Lakes
Ecosystem Conferences (SOLEC), the International Joint Commission, Fish Community
Objectives, the Great L akes Fishery Commission, and others.

Environmental indicators are a measure of environmental condition such as ecological
integrity, aquatic health, human health, or quality of life. Environmental indicators are a
useful tool for identifying pressures on the ecosystem, the state of the environment due
to these pressures, and the response or action taken by environmental agencies or other
parties to address the environmental conditions and pressures.
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Lake Michigan LaMP

Chapter 3:
Indicators and Monitoring of the Health of the
L ake Michigan Ecosystem

3.1 About This Chapter

In the preceding chapters of this LaMP, the vision, objectives, and goals for the Lake Michigan
ecosystem were defined. This chapter outlines a set of environmental, social, and economic measures
that can be used to assess the achievement of those goals and objectives and discusses monitoring
programs in the Lake Michigan basin. These measures, or indicators, will allow Lake Michigan
stakeholders to better gauge the status of the Lake Michigan ecosystem and guide the selection of
management activities that will restore and protect the health of the system.

Thelist of Lake Michigan indicators included in Table 3-1 of this chapter is provided to help generate
discussion and ultimately achieve consensus about which environmental indicators should be monitored
and reported in order to measure progress toward the vision and goals of the Lake Michigan LaMP,
which includes the directive “. . . to restore and maintain the chemical, physical, and biological integrity
of the waters of the Lake Michigan Ecosystem." Thislist of indicatorsis based on previous work
completed in support of the State of the Lakes Ecosystem Conferences (SOLEC), the International Joint
Commission, Fish Community Objectives, and others.

While some information and data are being collected to assess these indicators, most of these proposed
indicators are yet to be fully characterized. Some of the indicator data and information collected to date
are presented in Chapters 4 and 5. However, much work remains to apply these indicators in away that
will support Lake Michigan ecosystem management.

3.2 Environmental Indicators

The use of environmental indicatorsis not a new concept and has been recognized as a valuable tool
needed to assist in the establishment of management recommendations. Environmental indicators are
also ameans to track both environmental improvement and environmental protection of the Lake
Michigan ecosystem. State and federal agencies have tracked trendsin certain environmental measures
over time, such as fish populations. What has changed in the environmental indicator processis the
growing need to link actual environmental condition responses directly to programs and other activities
as defined and set forth by the Lake Michigan LaMP.

Environmental indicators are a measure of environmental condition such as ecological integrity, aquatic
health, human health, or quality of life. Environmental indicators can measure trends over timein
changes or nonchanges in environmental and ecological conditions. Environmental indicators can
function as an early warning signal for identifying environmental concerns, and they are a valuable tool
for measuring progress towards achieving of identified environmental goals. When properly devel oped
and utilized, environmental indicators will affect improvementsin environmental conditions, with clear
linkages showing the effectiveness of programs or other activities to successfully control environmental
stressors.

Environmental indicators are a useful tool for identifying pressures on the ecosystem, the state of the
environment due to these pressures, and the response or action taken by environmental agencies or other
parties to address the environmental conditions and pressures. This “ Pressure-State-Response” approach
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is also the organizing framework used by the National Goals Project, the State Environmental Goals and
Indicators Project, the Interagency Sustainable Development Indicators Workgroup, and Region 5/State
Watershed Indicators Development Workgroup. Regardless of how the Pressure-State-Response
approach is organized, in order to be successful, it is absolutely necessary to select indicators that are
measurable, can be monitored, and that link the pressures with the environmental conditions. Otherwise,
it will be difficult or impossible to tell whether the changesin environmental trends are due to program
activities or something else.

The key to picking and tracking sound and scientifically identifiable environmental indicatorsisto have
clearly identifiable goals. Asoutlined in Chapter 2, The Lake Michigan LaMP has identified one main
goal with 11 supporting subgoals. Thefirst six subgoals have been identified as endpoints or the ultimate
state to be achieved in the Lake Michigan ecosystem. Subgoals 7 through 11 are identified as meansto
achieving the first six subgoals. These subgoals must function together to define the full ecosystem state.
By developing an appropriate mix of environmental indicators and performance measures, one can better
evaluate environmental conditions, identify existing and emerging environmental problems, set
environmental priorities, make program specific decisions and address the highest priorities. Tracking
trends in environmental indicators can serve as a means of communicating environmental successes or
failuresto the public and stakeholders and can serve as atool for identifying remaining or new
challenges. The environmental indicator processis as dynamic asthe lakeitself, and a part of the
implementation of the Lake Michigan LaMP may require that new indicators be developed over time.

A defined framework for the development and selection of environmental indicators will provide a
common reference point for basin management and monitoring efforts. The Lake Michigan LaMP has
followed the guidelines set forth in the EPA guidance document titled “Region 5 Guide for Developing
Environmental Goals, Milestones, and Indicators’ (See Appendix H). [n conjunction with this guidance,
the Lake Michigan LaMP has incorporated environmental indicators developed by SOLEC. 1n 1998,
SOLEC developed a set of environmental indicators for the Great Lakes Basin. These environmental
indicators are still undergoing refinement following public input. The Lake Michigan LaMP is adopting
the eight defined areas as presented by SOLEC. These areas are Nearshore Waters, Open Waters,
Coastal Wetlands, Nearshore Terrestrial, Human Health, Land Use, Societal Indicators, and Unbounded.
Using the most recent SOLEC list of environmental indicators, Table 3-1 relates the SOLEC indicators to
the 11 subgoals set forth by the Lake Michigan LaMP. Work will continue in the next 2 years to identify
and select these or other environmental indicators that are specific to Lake Michigan’s 11 subgoals at the
appropriate scale. Once selected, the indicators will be linked to specific human activitiesand LaMP
management actions to establish the pressure-state-response linkage needed to track progressin
implementing environmental management programs. Place holders for the LaM P measurement actions
areincluded in Table 3-1. The indicator—subgoal matrix as set forth in the chart will be used for future
additions.
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Lake Michigan LaMP

3.3 Monitoringin the Lake Michigan Basin

If the indicators outlined in the preceding section are to provide information to support future
management decision-making, they must be adopted by Lake Michigan monitoring programs and guide
the selection of parameters and mediato be sampled and assessed. Numerous monitoring programs and
activities are underway in the Lake Michigan basin. These programs monitor water quality, sediments,
fish, air quality, and habitat. They involve collecting chemical, microbiological, fish and wildlife,
physical characteristics, land use, and other environmental data. These programs exist at the federal,
state, county, municipal, and watershed level.

The Lake Michigan Monitoring Coordination Council (LMMCC) was established jointly by federal,
state, and tribal agencies to provide aforum for coordinating and supporting monitoring activitiesin the
Lake Michigan basin and to develop a shared resource of information, based on accepted standards and
protocols, that is useable across agency and jurisdictional boundaries. The LMMCC is currently
analyzing data collected from an inventory of monitoring programsin the Lake Michigan basin.

Thiswork is being supported through a cooperative agreement with the Great Lakes Commission, EPA
Region 5, and other partnersinvolved in the Lake Michigan LaM P process to assess existing monitoring
efforts in the Lake Michigan basin and subwatersheds, including the 10 AOCs and four other tributary
watersheds. The project will include a comprehensive review of monitoring programs at the federal,
state, and local levels for the targeted watersheds; an analysis of gaps, inconsistencies, and unmet needs;
an assessment of the adequacy of existing efforts to support critical ecosystem indicators; and a plan for
addressing major monitoring needs, particularly those considered most important for lakewide
management decision-making. The report will also be used to train members of the Lake Michigan
Forum, Public Advisory Councils, and other stakeholders to determine current, local monitoring efforts
and establish community-based monitoring programs.

The project and report are consistent with the ecosystem approach of the LaMPs and RAPs especialy
with regard to emphasis on community involvement and participation. Monitoring will be viewed in the
broadest sense, including not only traditional water quality parameters, but also habitat, wildlife, land
use, nonpoint source pollution and other measures of ecosystem health. The report and future project
outcomes are expected to provide stakeholders with important tools for developing RAPs and will enable
them to engage their community in a valuable dial ogue regarding the status of knowledge on their local
watershed. Working closely with the states and tribes, stakeholders will benefit from the exchange of
information and the opportunity to enhance local participation in state-sponsored monitoring programs.
Finally, the project is fully consistent with the EPA Region 5 emphasis on community-based
environmental protection and will comply with the Government Performance and Review Act.

One of the main purposes of the LMMCC project is to determine whether the current monitoring
coverage is sufficient to support indicators proposed in the Lake Michigan LaMP. The findings and
understanding gained through this project will be applied to each of the indicators, and asimple
assessment will be made of each. The findings will include alist of each relevant open water, near shore,
human health, land use, and coastal wetlands indicator, with arating of the ability of the current
monitoring infrastructure to provide sufficient data to assess the indicator. The project results will be
released in the summer of 2000.
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M ass Balance Approach

The questions confronting managers responsible for the Great Lakes are complex and regulatory action
(or inaction) may have major social and economic consequences. It has become evident that rational
approaches must be found to: address the issues; more clearly identify and quantify problems; locate and
quantify sources of important chemicals; quantify rates of principal physical, chemical, and biological
processes that control behavior of chemicalsin the environment; and predict future conditions under
aternative remedia actionsto arrive at optimal programs. To help manage environmental quality and
solve existing problems, a scientifically-based management framework has been implemented and
prototyped within the Great Lakes community of managers and scientists referred to asthe “Mass
Balance Approach.” EPA, led by the Great Lakes National Program Office (GLNPO), conducted and
intensive study of Green Bay (Lake Michigan), the Green Bay Mass Balance Study.

The Green Bay Mass Balance Study was conducted as a pilot study to test the feasibility of using amass
balance approach for the assessment of sources and fates of toxic pollutants in the Great Lakes
ecosystem. It was intended to validate and refine monitoring and analytical assumptions made by the
coordinating agencies, and to rigoroudly test the models. Specific objectives included:

1. Assessing the technical and economic feasibility of the mass balance approach for use in the
management of pollutant loadings and impacts on Great Lakes ecosystems.

2. Calibrating the mass balance model for sources, transport routes, and fates of pollutantsin the
Great Lakes ecosystem.

3. Identifying the major sources of selected pollutants entering the Green Bay ecosystem and
rank their relative significance.

4. Demonstrating methods and priorities for further studies of toxic pollutants in the Great
Lakes.

The Office of Research and Development played an important role in this study and provided |eadership
and resources for several aspects, most importantly in leading the development of the scientific tools,
including mathematical models, to assess the data and devel op forecasts of expected water, sediment and
food web concentrations under alternative courses of action.

Lake Michigan Mass Balance Study

The mass balance approach, demonstrated in the Green Bay Mass Balance Study, provided a consistent
framework for integrating load estimates, ambient monitoring data, process research efforts, and
modeling, leading to the development of scientifically credible, predictive cause-effect tools. Building
on the experience of this project, the EPA GLNPO initiated a mass balance approach, the Lake Michigan
Mass Balance Project (LMMB), to provide a coherent, ecosystem-based evaluation of toxicsin all of
Lake Michigan. The primary goal of the LMMB study was to develop a sound, scientific base of
information to guide future toxics load reduction efforts for Lake Michigan at the state and federal levels.
The LMMB study is discussed further in Chapter 5.

Monitoring I nformation
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The mass balance project was based on the Enhanced Monitoring Program, a comprehensive, 1.6-year
synoptic survey for selected toxic chemicalsin the Lake Michigan ecosystem. In support of the mass
balance study, the Environmental Research Laboratory Duluth Large Lakes Research Station in
cooperation with the Atmospheric Research and Exposure Assessment Laboratory, the U.S. National
Oceanic and Atmaospheric Administration Great L akes Environmental Research Laboratory, and other
cooperations, developed a suite of integrated mass balance models to simulate the transport, fate and
biocaccumulation of toxic chemicalsin Lake Michigan.

Field sampling for the project covered the period from April, 1994 through October, 1995, and included
the following:

Tributaries - eleven Lake Michigan tributaries were monitored intensively to determine the loads of the
subject compounds to the lake. Sampling frequency varied from 12 to 45 samples per tributary in a year
long period.

Atmospher e - nine sites were monitored to determine atmospheric loads to Lake Michigan. Additional
field activities, part of the Great Waters Study, provided data to help determine the net atmospheric load.
Additional atmospheric samples were taken during each Lake Guardian survey.

Sediment - one hundred and thirty-one sediment sampling sites ere targeted for sampling, with the
majority in sediment depositional zones. Surface sediment segments from box core samples were
analyzed for contaminants to determine the sediment contaminant inventory (available for resuspension
and contaminant release to the water column). Additional studies will determine contaminantsin
sediment trap materials, and erodibility of sediment (resuspension).

In summary, over 38,000 samples were collected with more than 1 million result data points. The results
of this effort are presented in Chapter 5: Lake Michigan Stressor Sources and Loads, but, it isonly the
beginning. The effective use of the mass balance tool will require coordinated and continued monitoring
on abasin-wide scale, thus the importance of the LMM CC and the actions presented in Chapter 6 to
support its mission.

Table 3-2 provides an illustration of more detailed indicators that may be devel oped as this process
evolves. The Great Lakes Fishery Commission developed Table 3-2 to illustrate the type of specific
information that could be collected to monitor and assess portions of the Lake Michigan ecosystem.

APRIL 2000 3-23



V€ 000¢ T1ddVv
‘Us1} paxo0Is
J10 ApJnus pasudwos "(poyew a.ke 1N0J) aXe|
s1 uolre|ndod non ‘pus.) Jusfedde Ue 1NOYIIM | PIXI0IS |B) %00T SpJemol 'SsooTeo Jods
e |9yl pue BuLLNad0 SO86T-PIW BY1 92U IS 943'8 BuiseaoulSISayoRD | pue JBWSSIsse
SIuolonpoldal einteu 01 0 WwoJ} pabuel sey sayoed 1ods pue Juswssasse uinoan
W04} JUBW1INIOSI ON JUSLLSSISSe ap IMaXe | Ul 1011 Ul INoJ1axe| padfewun | axe| payJewun 'suolre|ndod N0 axe|
aye| paxfewun jo afejusosed ay L Jo afeiusosed ay L Jo afieiuadied Buluresns-}es ysiioels3
(04719 'S66T ‘[ 1 lepoiusys3
‘UeBIYDIN e 104 SaANBIg0
Alunwwio) ys14) spunod ‘1noa
uol||iw 7°ST INoge e parew iss 9| S1 %S¢ 01 0 Yo ym Jo
usaq Sey ppIA wnw ixew ‘spunod uol||iw GT 01 9 JO
‘(PpPow LD3INNOD [ea1RI08Y} 3y} ‘seuluowes | “(ppow 1D3INNOD ‘866T 1S9ARY [enuue Ue Buluresns
"866T ‘dnouo >se ppIA 01 Aiigeded spxe| ‘dnouo yse | Buois Joa|ceded pue ‘ysiy peiueld
Bu00IS BUIUOW eS) 3y} JO aInsesl wnwiuiw e aq auluow es uebIydIn puUe p|Im yiog Jjo Bunsisuod
spunod uoljjiw | 01 paepisuod si Ajenuue spunod axe) spunod uol|jiw AlUNnWwILWIod su luowi fes
G9 N0oge 3q 01 ybnoyy uolj|iw €'/ 01 /'S INoce Jo 8G 01 TZ INoCe Wio.} 'SOU lUOW [es SSPAIPE URURIN
SIsauluow fes Jossewolq | Yoo uiabuele ‘N0l axe|aAlrRU Buibues ssuiuow es Jo Jo (ssewo1q)
3201s Buipues ua1ind JospplA pouolsiy uodn paseg | 001s Bulpuess peipald v | X003s Bulpuels 'seuluow eS
‘W1 A[e21b0j0%S
pue ajqeurelsns S|
us14a|qel1sap Jo uononpoud uonoun}
eyl os Alunwiwod ysiy puUe a1n1onJis
ay1 Jo AauBaul eaibojolqg Alunwiwiod
AU} UfeUfeW pue 9101sal 0| usid
sneis elegaulpseqd JUB WL INSED |\ [pS Inses |\ suolre109dxy /soAn®lqo | siwewiredw|
lojelLlliD 97 01SOLIBIN 38N [eRljpued
pue 11D
[eo16oj0o3
SJojedlpu| uebiydl N 9xe] Z-€9|ge L

dineT uebiyoiin axe ]




GZ€ 000¢ T1ddVv
{GERD)
‘G66T ‘[e 1 Jopoiuays
‘UeBIYDIN e
"(ssewolq 'SSewoiq emaeayl | 1ojseAnseigo Alunwwio)d
[210} pUe SBYITRD |MEJ} Ueyy BMO| o] SAem e 210 Ryl usi4) uebiyoIn 'spunod
usamieq diysuoiepl ay) [IM pUe SSewolq Us1yAsid | axe] Joj abuel a|qeuoseas uol||iq L'T01¢'T Jossewolq
pUe ‘Saew 11S SSewoiq 10 uonJiod e AJuo Juasaidal e s|spunod uolj|iq (JomR0|g pUe 1PPWS ‘B)IMDR)
109 Je uonsodwod SJAVeI] WoNoq ulsaydmd ((add /°T 01Z'T 01 Bununowe aloAue|d apimaxe| e Jo)
sa10ads Ul S}Iys Moy -S9OSN) L7e0|q 01 84IMS e WO} SsaJoAIp{ue|d Jo ssewolq aJe suoie10adxe ‘spuewsp
puels.Jepun 03 papaau pa1liys aJoAue|d weuiop | ei01e eyl 1S966NS s ppow Jorepaud 01 pue uononpo.d
8Je SaIpnis B10N) S|Mel} ay1 se spunod uol||ig 88 wiNJ109ds-9Z1s Ssewoiq "J21e0|q pue Asew nd 01 payorew
wionog wo.j spunod 01 /T WOJJ paseasoulaney £/6T ‘ssewoiq ys1y faud 1pWs ‘aJiMoR | spas| uoiendod e saioads uonouny
uol||Iq G9' Sem WSS | 99uls (S|vel] wWoNog 013 |ge|ene 3} JO Y INQ 8y} 31N} ISUOD Josorewnss | /aud jo AisoAipe urluR N puUe a1n1onJis
ssewiolq aJonipjue|d uoire|ndod jo uoniod) sorew nse suonJodoud BulArea ul ssewiolq Alunwiwiod
apIveXe| 966T 8y L Sssewiolq aloAIpjue(d spimexe | BIeo(q pue 1w 9)Ime|Y apimeXe SaIOAIPfUR|d usid
(866T
‘dnolo yse | Buppois
aulUOW eS) SOL6T 3U}
uluoljiw g'0 0190 03
pa.edwiod se sp66T Yl Ul ‘(eseapl
Ajfenuue paonpo.d usaq 'SO86T 943 Ul sweas utebIyoi A o1Joud
a/eY S1jows Xooulyd Ul uononpoud 1jows enuue Jo [ ENERES
Uol|| 2'Z 03 2’2 Wol} | 98T 019 pasiidwod (peay eais) S910905 1j3es JO
eyl perewise sey NG | Inosl moquiel paonpoud-A|eineu tuoniod umouy|
uebIydIN 8y L xe| 8y} ‘4o3e0 Lods apIveXe| 66T dU} ) saj01ed 1ods
01 AreInq i Spays.eEeM 10 94€°6 PaTRW 1SS Ue pas Lidwiod pue JusLLSS3SSe (penunuod)
awios ul Buionpoidas | oyod paonpoud-A|eInieu Seem 'sa1090s uinoan "IN0J} UMOUQ pue Mmoqu el uonouny
-A|eJnfeu afe N0 umoiq | UeBIYdlN Ul SLoYod £6-066T Ul yJes woJ} ysij paonpoid pue uow es puUe ‘uow fes 3ooulyd puUe 2n1onJ1s
pue moquiel ‘uow es 10 94Z€ pPaTewW s Ue pasLidwod -A|feJnfeu Jo slequinu pax.fewun puUe 0yod Jo uoionpoJdal AJunwiwiod
00uIYyd pue oyo)d yooulyd paonpoid-AjeineN Buiseaoul o a|geIs Jo uonJodoid [eineu soueyug ysiH
snyeis elegaulpseg JUBLLB INSEs || pa.nses |\ suolre1sadx3y /seAneiqo | swuewurdw)|
lojelLlliD 9] 01SoLIBIN SN [eRljpued
pue el.11iD
[ea1601003

dINe uebiyoi N e

(penunUOD) s Jo¥edlpU | UEBIYDI N 838 Z-E3|de L




9c¢€ 000¢ T1ddVv
'SOIeJ pasodoud ay) buisn
jo Aljice1pI By oEN A
0} PapadU .k Sa19ads 'Selem usylou
om1asay} Jo Aijigeyored ulolel T 01 Te pue sisem
ay1 bulredwod uJaynos ul joqing sod 1non
saIpnis ‘pejuswe |dwl S| e[ §'S 10 SOIRI Uesw 1sabbns “uonJod uslyuou
Ue|d juswssasse ap Ivode| 2€-TEBT Ul (Sa1Us 1 Jo meaing S UI T'T pue axe| ‘;noJiaxe| Jo Alljiceurelsns
mouayiseaq ||IMing | 'S'N) Felng essaAayy Ag sqnyo 3y Jo uonod ueyINos "(Ando) -}es pue uolzell|iqeus.
SIUBLLSSISSE Y00IS [enuue Jojapivee| paysisiu (16 | ay1 ul T:5°€ node e 10q.nq S30Ipul ay1 yuma|qiredwod
WioJ} a|ge|eAe ussq ysaW |fews Ul 10gJng pue 1noJ1 | 01 In0J13xe| Jo souepunce aouepuNge uoirendod 10ginq
J0UBARY SO JUBLIND | aXe|dAITRU JO SBYJ1eD [eOLIoISIH aAIRRI JoolRl VY anIRPY Buluresns-jese urR N
'spunod
uol||iw 9 01 7 St UsijL1iym
‘ulseq ay} "elep JusWssasse el Jo ppIA Eenuue
uIyym pa1oeiold se passi| 'S2IOAIYILB] SBY10 SpIVXE| WO} PaALIBP pa1oadxe ‘dfed pue siexans
[[1S 8t Joxons asoubuo| | Se [pMSe ‘Us1jeliym axe| apn|oul 9( IShw pue par|nded ‘uoabInIs ‘ysi1je1IyMm punod
pue uoabnis axe| ay) [[1M yoIym ue|d juswissasse usa(Q J0U aney ppIA ‘Andd) ‘Us1jo1iym axe| Jo Syo01s
‘Pramoy ‘SIXe sal0ads | apimae|e Buldopasp o ssaoo.id [enuue Jo abuel pa1oadxe aouepunae Buluelsns-1es URIUR A
a9} |[e Josuolr|ndod 3y} Ul are saousfie Juswebeuew ay1 bulueisns Jo a|geded aAIRPI
Buluesns-ips AlysiyuebiyoiN eXeTayL | Usielymade| 1o4s3NdD jossolpu| 'SSIOAIYIRY
‘9/a|[em 1o} spunod uol||iw
¥ 01z pue yoed mo|pA
‘'966T 01 066T Woljaxe| Jojspunod uol||iw 7 01
ay1 Jo uoniod useynos 'SO109ds | emep JueLISSasSE apIMaXe| ale sppIA enuue pa1sedxe
3l Ul 9506 poTeWNSe | aloysul Joylo se [pmse ‘9fa|em |  Wod) paALIBp g 1sNWw pue ‘ys1jued pue ys1j1ed ‘spioose
Ue pauloap yoded mojpA pue yosed mo|pA apnjoul pPoR N eI LSS 10U aARY ‘sSeq yinowl | ewss ‘a/a|em (penunuod)
JO 8oURpUNCR dAIR BI BY) [[1M Yo Iym ue|(d Juswissasse pPRIA [enuue Jo sabuel ‘Andd) ‘Yased mo|pA Jo SIS uonouny
‘Pramoy ‘SIxe sal0ads | apimae|e Buldopasp o ssaooid pa10adxe ay) Buluresns aouepunae Buluelsns-1es URIUR A pue a1nonJIs
a9} |[e Josuolr|ndod aY1 Ul are saousfie juswebeuew 10 8|qeded afa|jem pue aAIRPI Alunwiwiod
Buuesns-ips Ays1y uebiyoI N 8xe 13y L yosed mo|pA Joys3NdD jossoIpu| Saus1y aioysu| usid
snyeis elegaulpseg JUBLLB INSEs || pa.nses |\ suolre1sadx3y /seAneiqo | swuewurdw)|
lojelLlliD 9] 01SoLIBIN SN [eRljpued
pue el.11iD
[ea1601003

dINe uebiyoi N e

(penunUOD) s Jo¥edlpU | UEBIYDI N 838 Z-E3|de L




lC€ 000¢ 11ddv
‘Skelcey
‘nonaxe| o1enbe
Joj sfeoys Bulumeds maje Joj JO sjusuodwod
INQ PISSIpIe Usa( 10U Sey sniess (uoneseben)
Wa.INd pue ‘(sainjea) ealbojolg [eoibojoiq pue
pue eoiwayd H3) sonsLeIIeryd ‘(snuoydsoyd
RlIgeYy ‘Suoifed0| 2141090s Inq ‘uiseq axe| [e101 ‘UsbAxo
‘(SMISN ‘Z86T ‘[ 1o xeahpoo ay) Ul skeycey Alojenul POA(0SSIP)
"uolyse} anisuaya.Idwod ‘AI'lOA ‘Sausi4 soye] 1ealo | pue AJIsse|o 01 paJsepIsucd [eaiwayo 'sa109ds snowoJpeue
B Ul passa.ppe usaq Jo sea .y Asssinp pue Buiumeds ag pnoys (HY191D) ‘(Yrdep oEM 1o} Seafe Aisinu pue
10U Sey uebIyoI N aXe a3yl Jo sejy) UeBIYdIA o ul SElIgeH d1enby ‘arIsgNs) Bulumeds auLBALI 21I0S 1Y
uisielicey Usly juenodwi | seicey Bulumeds ysiy juepodw | sexe 1ai9 Jo AlojueAul osAyd | Buipnioul ‘seligey papeibap
Josness pue ‘uoiedo| | Auew Josuoiedo| eeush ayl uo pue uoieolysse|Dayl | 8yl Josaines) arkell|Igeys. pue ®eligey
‘uoleolyIsse [0 ay L po|1dwoo Usaq .Y Sa1I0JUSAU | Se yons ssao0.d ewioy v Aoy ainses |\ ys1} aoueyua pue 13910.1d ®lgey uysiH
(04719 ‘2661 “usd SO0
‘UebILOIN e Ul N0 axeT] Aunwwod ys1y eyio
jo Buipunopn Ao Jdwie ess) /86T 'S9ZKs [[e Jo 10 JusW/BIYJe 3y} Mo e
"966T Ul IN0J193e| 00T ouss Buisealoul usaq A|jetoush o axe| 00T Jed g teyl 01 Aoidwre| ess ay) ssauddng
Jad gsemarl buipunom | sey ing ‘Inos OOt od v Semamel Jaalb j0u a1R) BuIpunoMm ‘INoJ1 9Xe| uo
Uesl apIveXe| ayL Bu Ipunom ueaw 96-/86T 9Y. L Ueawl apIvexe| v | sarel Bulpunopn foidwre|ess
"90URpUNGER JO SPAS| [eILI0ISIY
(041 1181 0] PoISACIDI JoAsU aney "pauonuaw Anoinaid
‘S66T ‘e 1 Jepoluays3 os[e suolendod Jauiys peewe 10U SJBYI0 pue suidnas
‘uebIUyoIN e Jo} pue Burey axe| (04719 ‘S66T ‘IN0J3 300.q ‘ulymoq ‘e
SaAnoe[go Allunwiwio) ‘le 1© Jopolusys3 ‘ueBIydIN ‘spiulidAo se yons so10ads
usid) pazieinieu | e JoysAiRIqo Anunwwo) Buipnioul says1j anireu (penunuoo)
ale €T pue aAleu e usid) usijopped ayl se ‘paInided si (8bels a41| 10 AJUNWIWOD SSIBAIP uonouny
G/ Yyoiym Jo ‘sedoud axe| [PM Se axe| 8y wioJ) paredinxe Aue) fenpIAipulauo 1Se9| B URISNS pue 12910.1d pue a1nonJIs
3U1 Ul JNJ20 0} UMOUY| Usa( pey S903s10 Blemdasp | e J1axe|ayl ul ussald aq 'SSaUYO L AJunwiwiod
dle 31090 26 40 e10} v josaI0ads aAly 0/6T Ag | 01 peJepISU0D S| S3108dS VY So109ds 's9108ds BYIO usid
snyeis elegaulpseg JUBLLB INSEs || pa.nses |\ suolre1sadx3y /seAneiqo | swuewurdw)|
lojelLlliD 9] 01SoLIBIN SN [eRljpued
pueelR1lID
[ea1601003

dINe uebiyoi N e

(penunUOD) s Jo¥edlpU | UEBIYDI N 838 Z-E3|de L




8¢¢ 000¢ T1ddVv
“ueBIyoIIN
aye Inoybno.y) 1dox
aq 1sNW yorem Jue|IBIn '6G6T Ul Aeneas
B pue ‘Jealy) Jueisuod e ouBIMeT *IS 3y} Jo Bulusdo
SueWoJ S2110X3 Bunsixe 3Y1 Y1IM JUSPIDUI09 ‘Sieah
JO uosuedxe abue. 0€ 1sed ay} ul paonpoUl Usaq
pUe SUOo11oNpoJIul MBU JO aney swsiueh o ay} Jo piIyl-suo
aoueeadde ay) ‘ssieds | ueylalow ‘paseatoul sey AlAnTe
J1]0X9 JO U0 I1ONPOJUI uewiny Jo a1eJ Y1 Se pasealoull
[euo HUSIU IUN 3y} Sey uol1oNpoJul JO afel 8y} pue
lojshemyred fenusiod ‘(%¥T)esv pue (%8T) 15200
ssalppe 01spAd| eJOPR) | ohueY 8yl ‘(%6/1) 8doin3 woly
pue euinold BRIS | awod anery asayl Jo 1sow {(D419 's9100ds
3y} e pajuawe [dwii usaq ‘T66T ‘B B S| ‘Suoionpou| anoxe funsixe | 'ssnuNwWwod ysiy Bunsne
aney (seJoss 1od ‘sexong | dlusBodoyiuy pue ses1i) anolig ‘painidea si | Jo (suoiredo| Jo JO UONOUNJ PUR 3IN10NJIS
11eq) Ssueq uossassod 10 AI0ISIH V sove] Teaunayy | afieisayl| Aue Jo enpiAipul | Jaquunu) abueld ay} 19edw | ApAirebau
pue uoirenodwi U1S910905 2110X3) Ssoxe] 1Balo U0 1Sea| Ik Jleake ul uosuedxs Aew ey sonoxe Bunsixe
puUe ‘sainsesl |043U0d 3y Ul pays|1|else awoag aney oljadse ul loaye|ayl | a8yl pue saioads 10 pealds ay) pue sa10ads
ainyngenbe pue erem swsiuefuo d1renbe snoushipul | uluesaid aq 01 paJepsuod 21j0Xe MdU JO 2110X2 MBU JO UO1IONpo.Ul
12|1eq snoLeA ybnoyl| v -UOU 9ET BWS SOOZT Sy oUIS SIsaads onoxe Uy | aoueleaddeayl | feuonusulunayiaziwuln | Sa10ads 0130Xg
snyeis elegaulpseg JUBLLB INSEs || pa.nses |\ suolre1sadx3y /seAneiqo | swuewurdw)|
lojelLlliD 9] 01SoLIBIN SN [eRljpued
pue el.11iD
[ea1601003

dINe uebiyoi N e

(penunUOD) s Jo¥edlpU | UEBIYDI N 838 Z-E3|de L




62-€

000¢ 11ddV

suole
puswwooay

[e09 pu3
ue 0} sueay

sda1s
1XaN ‘epuaby uonoy oibarens

9 431dvHO

SpeOT pue S82IN0S 10SSa.1S UeBIYDIN axeT

G Jo1deyd

yijeaH uewnH pue sjuswiredw| asn [el1oljauag
‘Wa1SAsS093 ay1 10 SNieIS 1ualIn) diNe uebiyoin axe

¥ 181deyd

juswdojanapal

sp|aluaalb o3 splpyumoIg
spue|

wuey a)q1b118 Jo ua2iad 44D
Buibpaip

‘sdnuea)d punyadns

UOISIBAU0D pueT]

S1S810} 3|qeureIsns
s} [euonealioal ul sijueujweIuo)

‘walsAs02a Ayyeay e
yoddns pue s|qeureisns ase saliAiloe
JILIOUOJd puE UOIeaIddl ‘asn pueT]

juswabeuew auoz |e}seo)
sajnyels uonoayoud
pue Buipuny aoeds uado

SJUBWIASES UONBAIBSUOD
abealoe syred [eiseo)
Aisuap ueqin

‘uone|ndod reaibojoiq pue

yelqey anenbe ‘waisAsoda uebiyoipy

@ e 8yl Ylim uonoelsiul uewny
10} sanunuoddo paosueyua sapinoid

pue juepunge S| seale [einyeu pue

auljaloys ‘aveds uado 0} ss829e 2ljqNd

dew Ja1snjo you-093
uonoajold saung
abueyoxa Jarem ise|eg
sabnjal SM4SN
sabnyal ysiq

Bunooss ysi4

Buluoz

uonoajoid

pue uonebniw spuepa
1S1| sa10ads pasabuepul

SIUBLISSaSSE Bale Yol-003
SMOJ} Weans

SjUsWISSasSe

pue SaLIolUBAUI SPUBIS
slunog piig

SJUBWISSASSE YSiH

*SauNWWOD

[eaibojoiq ajgein
ureisns o} JusIIYNs
pue as1anIp Ajjeinreu ‘Auiesy are sienqgey ||y

suodai1 OM (9)S0€ reIs
salosiApe Buisojd yoeag

1arem [euonealdal Ui s|aAs) 110D 3

“19YeM 3U} Ul WIMS |[e ued 9\

:O_HowHO_Q J1alem 8dinos
suoneaynou Aynn Jsrep

SJUBLISSASSE Ia1em 82INn0S
erep Aljenb layem mey

“JaTeM BU} YULp [[e ued 9\

uixolq -
AIN2IBN -

I31e /N Jealo) -

:uo syuodal [euoissalbuo)
saliosIApe ysiq

uononpoudai ajfeq
SJUBWISSaSSE ANS
sl Ul uolyeujweiuod [ealwayd

"ysiy Aue 1ea e ued apn

AlAnoy uewnH

Burioliuop

[eos iutodpuz

wa1sAs0og

ueBIysiy 9xeT ay) 0 YijeaH ay) jo Bulioluo pue sioledlpul

saA1199[gO walsAs0o]
pue s[eo9 ‘UOISIA :dNeT uebiysin axe

€ 431dVvHO

¢ 431dvHO

dINe uebiyoi N e

(€ 121deyD) 8|qe L Arewwns dine uebiydin axe

‘€-€9lgel




